The objective of this study was to evaluate the effect of the light emitting diode (LED) spectra on the antioxidant properties of sprouted wheat (Triticum aestivum L.), radish (Raphanus sativus L.), and lentil (Lens esculenta Moenh.) seeds. Lighting experiments were performed under controlled conditions (PPFD -100 µmol m -2 s -1
Introduction
During recent years, people have become increasingly concerned about the the potential effects of synthetic additives used in the food industry on their health. Therefore, natural antioxidants from the plant extracts have attracted increasing interests due to their safety for the consumer. Significant antioxidant, antitumoral, antiviral and antibiotic activities are frequently reported for plant phenols [1] . The regular intake of fruits, vegetables [1] , sprout extracts [2] or germinated seeds [3, 4] is highly recommended as the plant phenols and polyphenols are thought to play important roles in long term health and reduce the risk of chronic and degenerative diseases [1] . In addition, antioxidants protect cells against the damaging effects of reactive oxygen species [5] . Products high in vitamin A, vitamin E, vitamin C, and b-carotene contents are believed to be the most beneficial source of antioxidants. The chemical diversity of phenolic antioxidants makes it difficult to separate and quantify individual antioxidants (i.e., parent compounds, glycosides, and many isomers) from an individual vegetable matrix. Moreover, the total antioxidant power as an 'integrated parameter of antioxidants present in a complex sample' [6] is often more meaningful to evaluate health benefits because of the cooperative action of the antioxidants. Individual antioxidant compounds act in combination with other antioxidants, which affect total antioxidant capacity by producing synergistic or antagonistic effects [7] . According to Fernandez-Orozco et al. [8] lentils show antioxidant activity which is related to the content of total phenolic compounds. Liu et al. [9] noticed that the free radical scavenging capacity display synergistic effects with vitamin E, vitamin C and b-carotene. Other authors have observed high antioxidant activity in lentils, faba beans and peas due to the essential fact that large amount of phenolic compounds are located in the seed coat [10] . Duenas [11] described the distribution of phenolic compounds in different parts of the legume seeds, the cotydelon contains the main reserve substances and the seed coat has the highest concentration of phenolic compounds. CevallosCasals and Cisneros-Zevallos analyzed the levels of phenolic compounds and the antioxidant activity of thirteen edible seed species at different germination stages. They concluded that phenolics may serve as radical scavengers or antioxidants at the initial stages of germination. Subsequently, during the plant growth, phenolics may become part of the structural framework of the plant and lose some of their antioxidant efficiency. According to Casals and Cisneros-Zevallos [4] , accumulated phenolics and antioxidant activity on a dry basis showed a general trend of distribution: 7d sprouts > dormant seeds > imbibed seeds. Amarowicz et al. [12] demonstrated that antioxidant activities of separated fractions (I, II, II and IV) from lentil correlated with their content of total phenolic compounds in the order of IV>III>II>I. Lentil displays much stronger antioxidant activity than phenolic fractions separated from extracts of several other legumes. Flavonoids were the main phenolic compounds present in the separated fractions. Amarowicz et al. [13] describes the antioxidant and antiradical capacities of a red lentil. 24 compounds were identified in the crude extract: quercetin, digycoside, catechin, digallate procyanidin, and p-hydroxybenzoic were the dominant phenolics in the extract of red lentil. The phenols synthesized during seed germination could help obtain enhanced levels of phenols and antioxidant activity resulting in their improved nutraceutical properties.
In seedlings or sprouts of higher plants, photomorphogenesis is the strategy of development as long as abundant light is available and scotomorphogenesis (etiolation) is the developmental strategy of choice as long as light is not yet, or no longer, available. The transition from scotomorphogenesis to photomorphogenesis (called de-etiolation) can be considered a process in which a single, well defined environmental factor causes a plant to change its pattern of gene expression. The photosensory system of plants, including photoreception and signal transduction, can detect light conditions that initiate the shift from scotomorphogenesis to photomorphogenesis [14] . Moreover, as soon as the plant has started the changeover from scotomorphogenesis to photomorphogenesis the synthesis of photosystem I is reduced. The completely de-etiolated light-grown plant essentially uses only the stable photosystem II [15] .
Light is one of the most important environmental factors, which acts on plants as the sole source of energy. Complex, multiple photoreception systems [16, 17] respond to light quantity and quality, duration, intermittence, and other parameters, thus determining plant morphogenetic changes, functioning of the photosynthetic apparatus, and the trend of metabolic reactions. Moreover, lighting conditions might evoke the photoxidative changes in plants, which lead to the altered action of the antioxidant defense system: increased contents and activity of antioxidative enzymes, carotenoid, tocopherol, flavonoid and ascorbate. It is known how the light irradiance level affects different plants [18, 19] , although the knowledge regarding the effect of light spectral quality for metabolism is still limited. It has been demonstrated that exposure to light-emitting diodes (LED) radiation can increase the antioxidant activity in pea seedlings [20] and the phenolic content in buckwheat sprouts [21] . However little is known about variations in radical scavenging activity, total phenol content and interactions with other antioxidants during seed germination under LED based radiation impact.
The technology designed on solid-state lighting and based on light-emitting diodes (LEDs) expanded the possibilities to analyze the effects of lighting parameters on physiological processes in plants and to explore the effects of the light spectral quality on the metabolic and photooxidative processes. Therefore, the objective of our work was to evaluate the effect of the lightemitting diode providing different lighting spectra on the antioxidant properties of different sprouted seeds.
Experimental Procedures

Chemicals
2,2-diphenyl-1-picrylhydrazyl (DPPH), Na 2 CO 3 , methyl viologen and hexane were purchased from SigmaAldrich (Germany); Folin-Ciocalteau reagent and oxalic acid from Fluka (Germany); ascorbic acid from Penta (Czech Republic); sodium hydroxide from DeltaChem (Czech Republic); alpha tocopherol from Supelco (USA); methanol from POCh (Poland), and isopropanol from Merck (Germany).
Growth conditions and plant material
Lighting experiments were performed in phytotron chambers, under controlled environmental conditions. The originally designed [22] Lighting, USA) and UV (385 nm, NCCU001E, Nichia, Japan) LEDs were used. The LED combinations are presented in Table 1 . A photosynthetic photon flux density of about 100 µmol m -2 s -1 and a 12 h photoperiod were maintained during LED treatments.
Seeds of Lithuanian winter wheat (Triticum aestivum L., var. 'Širvinta 1'), radish (Raphanus sativus L., var. 'Žara'), and lentil (Lens esculenta Moenh.) were watered by distilled water and swelled for 24 h in germination plates at 18ºC. Seeds were germinated under light conditions described in Table 1 . Reference seeds were germinated in dark. The day/night temperature was maintained at 27°C. Seeds were kept moist by spraying them with distilled water as needed. Seed extracts were assayed for antioxidant properties after 1 and 3 days of germination.
DPPH radical-scavenging activity
The antioxidant activity of methanol extracts (1 g of seeds grounded with liquid nitrogen and diluted with 10 ml of 80% methanol) of the investigated seeds were evaluated spectrophotometrically by their 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging capacity [23] . A Genesys 6 spectrophotometer was used for this analysis (Thermospectronic, USA). The extract was shaken for 30 min followed by centrifugation at 2012 x g for 20 min. The absorbance scanned at 16 minute at 515 nm was used to calculate the ability of seed material to scavenge DPPH free radicals (µmol g -1 ).
Determination of total phenolic compounds
The total content of phenolic compounds were determined in methanol extracts of seeds (1 g of seeds grounded with liquid nitrogen and diluted with 10 ml of 80% methanol) using a calorimetric method [23] . The extract was shaken for 30 min, then centrifuged at 2012 x g for 20 min. 1 ml of the sample extract was diluted with 1 ml 10% (w/v) Folin-Ciocalteau reagent (diluted with bi-distilled water) and with 2 ml 1 M Na 2 CO 3 solution. The absorbance was measured after 20 min at 765 nm with Genesys 6 spectrophotometer against water as a blank. Gallic acid was used as a standard and the total phenolics were expressed through the calibration curve.
Determination of vitamin C
Ascorbic acid content was evaluated using a spectrophotometric method [24] . Genesys 6 spectrophotometer was used for the analysis. Briefly, 1 g of seed was homogenized in 10 ml of 5% oxalic acid in order to avoid the loss of ascorbic acid and then centrifuged (5 min, 1691 x g). 1 ml of extract was mixed with 2 ml of 0.1% methyl viologen and 2 ml of 2 M sodium hydroxide. The solution was shaken gently and allowed to stand for 2 min. The coloured radical ion was measured at 600 nm against the radical blank.
Determination of alpha tocoperol
Alpha tocopherol (a-T) content was evaluated using high-performance liquid chromatography (HPLC) [8] on a Pinacle II silica column, 5 µm particle size, 150 x 4.6 mm (Restek, USA). a-T was extracted using pure hexane (1 g of sample / 10 ml of solvent), centrifuged (5 min, 349 x g) and filtrated through a 0.45 µm PTFE membrane syringe filter (VWR International, USA). The HPLC 10A system, equipped with a RF-10A fluorescence detector (Shimadzu, Japan) was used for analysis. Peak was detected using an excitation wavelength of 295 nm and emission wavelength of 330 nm. The mobile phase was 0.5% isopropanol in hexane and the flow rate was 1 ml min -1 . The injection volume of the sample was 2.0 µl.
Statistical analysis
The measurements were performed in five replications and data analysis was processed using a one-way analysis of variance (Anova) and the Fisher's LSD test to trial mean at the confidence level P=0.05 for LED treated seeds. The standard deviation of mean for dark germinated seeds is shown. 
Results and Discussion
Sprouted seeds can be an easy way to include vegetables in a human's diet. They are considered as wonder food because while sprouting, the nutritional supplies of the seed are used by the sprouts for growth. During the germination of a seed, this nutritional bounty is released and made available for human consumption. Popular seeds used in cultivating sprouts are alfalfa, sunflower, lentils, adzuki bean, mung beans, pumpkin, fenugreek, wheat, barley, mustard and cress [4] . Lentils are leguminous seeds that have high levels of natural antioxidants and are generally rich in phenolic compounds [25, 26] . Radish seeds are characterized by relatively high antioxidant potential and wheat -by relatively low antioxidant potential. In our experiments, sprouted seeds (lentil, radish, and wheat) used for food, were germinated under solid-state lighting on purpose to enhance their nutritional quality stimulating their antioxidant potential. Antioxidant properties or contents of antioxidant compounds of dark germinated seeds were significantly lower than or equivalent to the average of LED treated seeds (Tables 2, 3 and 4) . However, higher values of DPPH free-radical scavenging capacity were obtained in radish and wheat (Tables 3 and 4) , higher values of a-T content were obtained in radish (Table 3 ) and higher vitamin C content was obtained in wheat (Table 4) . During the transition from scotomorphogenesis to photomorphogenesis the requirement of photosystem I activity is changed to photosystem II [15] . Moreover, there are some data that natural antioxidants (vitamin E, vitamin C) help to protect photosystem II from degradation or have other roles as anti-stress agents [27] .
Wu et al. [20] , noticed that the antioxidant capacity of pea seedlings, after 96 h of radiation by various LED lights, was significantly enhanced by red light radiation. According to our results, the different LED lighting led to similar antioxidant activity of lentil seeds (Table 2) , except following a supplement of green light (L4). The highest statistically reliable DPPH free-radical scavenging capacity was determined under L4 LED treatment after one and three days of germination (1.40 and 2.45 µmol g -1 respectively). The same effect of LED lighting on the tendency of DPPH free-radical scavenging capacity was observed in sprouted wheat seeds (Table 3) . After three days of germination, the value DPPH free-radical scavenging capacity increased by about 12% in wheat seeds (Table 4 ). In opposite to wheat, the value DPPH free-radical scavenging capacity in radish decreased by approximately 50% after three days of germination (Table 3 ). The significant increase of DPPH free-radical scavenging capacity was observed under four basal light components (L2) (one day of germination) and under an additional amber (L5) treatment. The increase in content of total phenolics and free-radical scavenging activity of radish (L2) ( Table 3 ) is in agreement with Nam et al. data where these parameters were increased in rice hulls as a result of far-infrared radiation [28] . The content of total phenolics in radish seeds (Table 3 ) was twice as high as that of wheat (Table 4) or lentil (Table 2) seeds. Furthermore, in agreement with another study [20] the accumulation of total phenols was greater in red light radiated lentil (Table 2) , radish (Table 3) and wheat (Table 4) seeds. Pursuant to DPPH free-radical scavenging capacity data, supplemental green light (L4) led to an increased content of total phenols in lentil (Table 2 ) and wheat (Table 4) seeds while supplemental amber (L5) light significantly effected the accumulation of total phenols in radish seeds (Table 3) .
In another aspect, seed vigour has been associated not only with the germination percentage or biometric measurements but also with biochemical characteristics and nutrient quality [29] . By improving seed vigour through phenolic synthesis it has been suggested that antioxidants, such as vitamin C, could potentially serve for the evaluation of plant growth [30] . According to our results, the highest concentration of vitamin C was established in radish seeds after one day germination ( Table 3 ) and in wheat seed after 3 days germination (Table 4) . Interestingly, the variation of vitamin C content in lentil seeds ( Table 2 ) was not remarkable after 1 day or 3 days of germination. The significant positive effect of supplemental green light (L4) was observed in all treated seeds. Meanwhile sole red radiation (L1) led to a significant decrease of vitamin C content.
A significant increase (from 1.82 A to 15.25 B ) in a-T content was observed after 3 days germination in radish seeds ( Table 3 ). The treatment with supplemental green light (L4) caused a significant increase in a-T content and vitamin C content. The supplemental amber (L5) light had a significant positive effect on a-T accumulation in all treated seeds after one day of germination (Tables 2, 3 and  4) . Thus in agreement with other authors [9] it can be stated that free-radical scavenging capacity and total phenols acts synergistically with vitamin C and vitamin E. Moreover, the antioxidant properties were substantially superior to the sum of the individual antioxidant properties and were enhanced by selecting proper lighting spectrum. When estimating the effect of different light spectra combinations for sprouted seeds used for food, it was noticed that independent of lighting conditions the sprouted radish seeds are advisable to use after one day germination, whereas sprouted lentils and wheat seeds should be used after 3 days germination. Estimating the lighting affect, the significant positive effect can be reached when the green (510 nm) light component is incorporated together with basal (455 nm, 638 nm, 669 nm and 731 nm) LED components. The antioxidant properties of germinated seeds are not directly associated with antioxidant properties of germinated seed extracts. However, the seed sensitivity for lighting conditions was also conditioned by genetically determined amount of phenoli c compounds found in the tissues. Inherently less phenolic compounds accumulated in wheat sprouts while lentil sprouts were more sensitive to spectral differences. The increase in antioxidant potential might be related to other antioxidant content (vitamin C, vitamin E) in tissues. Thus the interactions among them can affect total antioxidant capacity, producing synergistic or antagonistic effects [7] .
Conclusion
The antioxidant properties or the antioxidant compounds of dark germinated seeds displayed significantly lower values than the average of LED treated seeds.
Spectra provided by light-emitting diode lighting and based on basal (455 nm, 638 nm, 669 nm and 731 nm) components supplemented with green (510 nm) light can improve the antioxidant properties of sprouted seeds of lentil and wheat, such as increase the DPPH free-radical scavenging capacity led by higher contents of total phenols and significantly increase the a-T content and vitamin C content.
For antioxidant properties of radish seeds the strongest positive significant effect was caused by the radiation with supplemental amber (595 nm) light.
